Abstract: Progressive collapse of structures is defined as the damage incurred on the structure as a result of abnormal and occasional loads which result in initiation of a chain reaction mechanism ending with progressive and disastrous failure. In this study, the economic cost of designing RC structures located in non-earthquake hazardous regions to meeting progressive collapse design requirements is estimated. Therefore, a typical reinforced concrete has been modeled to achieve the above objective. The Occupancy Category II per UFC 3-301-01 has been chosen for this structure. Tie Forces for the whole structure and Enhanced Local Resistance for the corner and penultimate columns at the first story are the design requirements for this OC. It was concluded that the cost of reinforcement for this OC level in order to meet UFC criteria and maintain safety requirements was around 15% compared to reinforcement requirements of ACI 318-08/IBC 2009 for non-seismic region. The importance of progressive collapse as a major concern has led to addition of explicit requirements regarding the redundancy of the structures in seismic codes throughout the world. Specific codes related to progressive collapse analysis of structures have been published by the Department of Defense (UFC 4-23-03) and the General Services Administration (GSA 2003). Most of the countries located in non-seismic regions are not designed properly against earthquakes according to the relevant seismic codes. Hence, the majority of typical RC buildings are exposed to progressive collapse in such regions.
INTRODUCTION
After the partial collapse of the London's Ronan Point apartment tower in 1968, investigations on progressive collapse resistance has begun by many nations and a series of design codes, guidelines and specifications including the ACI318-08 (ACI Committee 318, 2008) , General Services Administration (David N. Bilow et al., 2003) and Unified Facilities Criteria 4-023-03 (Unified Facilities Criteria, 2010) have been published. General recommendations to prevent progressive collapse on the basis of provision of redundancy, continuity, integrity, ductility and path redistribution have been provided by current codes. A quick review on the previous literature indicates that the majority of projects have been conducted on reinforced concrete frame structures. Hence, for the purpose of assessing the progressive collapse of a multi-story structure, the instantaneous loss of a column is considered during the design phase. Others studied the sudden removal of columns in different conditions based on the methodology suggested by General Services Administration (David N. Bilow et al., 2003) in high-rise concrete structures.
Different software was used to determine the ability of seismic designed frame structures to withstand progressive collapse. Furthermore, most actual design codes are published to design the structures for conventional loads during their service life. Hence, the effect of abnormal loads such as blasts due to events like gas explosion and terrorist attacks or vehicle impact are not considered in the design of structures and only general recommendations are offered by several codes to mitigate the devastating effects of progressive collapse. As a result, appropriate load resisting systems must be selected by engineers to take into account the effect of lateral, gravity and progressive collapse loads simultaneously. Redistribution of loads and therefore, prevention of progressive collapse cannot be provided by structures containing interior core walls and ordinary moment frames to resist lateral forces or flat-plate systems for gravity loads. This is because the design of gravity-load systems does not provide alternative load paths once a primary vertical support has been removed. Figure 1a indicates a brittle failure of a two-bay beam resulted from the removal of a column caused by lack of continuous bottom reinforcement in the beam. However, incorporation of Special Moment Resisting Frames (SMRF) that provide the required ductility and capacity by their special lateral systems could lead to progressive collapse prevention (Fig. 1b) . Cost estimation of the redesign of structures located in nonseismic regions based on Unified Facilities Criteria4-023-03 (Unified Facilities Criteria, 2010) is the objective of this study. In order to achieve this, the Tie Force Method and Enhanced Local Resistance Method are incorporated as the design requirement for OC II.
METHODOLOGY
One of the two following options may be selected for OC II structures. The Tie Force requirement for the entire structure and Enhanced Local Resistance for the first story corner and penultimate columns (a penultimate column is the closest column to the corner) shall be incorporated by the designer in the first option. Also, the analysis and design of the building using the Alternate Path method for indicating the structure's ability to bridge, once a column or a load-bearing wall or a wall at certain locations are removed, will be done by the designer in the second option. In this study, the first option is considered as design requirement. In the TF method, the assumption is that the structural elements are mechanically tied together and hence, the continuity, ductility and alternate load paths development will enhance consequently. The provision of Tie Forces is typically done through the existing structural elements and connections designed by incorporation of conventional procedures to support the loads the structure is subjected to. Ties are categorized into four types based on their location and function namely viz internal, peripheral, ties to columns and walls, as well as vertical ties (Fig. 2) . Various types of ties possess load paths which have to be the shortest. Simultaneously, the continuity needs to be maintained and the required tie strength need to be satisfied.
Tie force design procedures:
The design of tie strength based according to Load and Resistance Factor Design (LRFD)approach his done through multiplying the nominal tie strength, Rn and the strength reduction factor, Φ in conformance with the specifications and requirements of applicable material specific codes Eq. (1): 
Longitudinal and transverse ties:
The provision of the required transverse and longitudinal tie resistance is done through the use of the floor and roof system. Some or all of the required tie forces are provided by the structural members such as girders, beams, spandrels and so on once the structural members and their connections are able to carry the total internal tie force which acts over the structural member spacing while a 0.20-rad (11.3-deg) rotation is in progress. The tie strength Fi (lb/ft or kN/m) required in the transverse of longitudinal direction is as follows Eq. (2):
where, WF = Floor load, determined per (1.2D+0.5L) (lb/ft 2 or kN/m 2 ) L1 = Greater of the distances between the centers of the columns Peripheral ties: The peripheral ties are placed within 3-ft (0.91-m) of the edge of a floor or roof and hence, the required development or anchor at corners, reentrant corners or construction changes is provided. Fp  (lb or kN) , the required peripheral tie strength, is calculated as follows Eq. (3): Enhanced local resistance design procedures: One of the requirements for enhanced local resistance provisions for Occupancy Category II is the shear capacity and demand of the columns at the first floor above grade reach the enhanced flexural resistance of the columns. Once the conventional design process is finished, the flexural resistance is determined which must be equal to the enhanced flexural resistance for Occupancy Category II. The required shear resistance is determined by incorporation of Eq. (4) as follows:
where, Vu = Required shear strength MP = Column moment capacity accounting for axial load L = Column height
CONFIGURATION AND ANALYTICAL MODELING OF PREFERRED STRUCTURES
The design process against progressive collapse is illustrated by modeling a typical reinforced concrete structure. The occupancy of the structure is less than 500 people and therefore, is categorized as Occupancy The concrete material properties and Loading Assumptions are illustrated in Table 1 and 2, respectively. Figure 3 demonstrates the plan view for proposed RC structure.
ANALYSIS AND DESIGN OF THE MODELED STRUCTURE
Design requirement by ACI 318-08/IBC 2009: Design of two-way slabs for gravity loading: The plate bending theory which is a complex extension of beam bending describes the behavior of two-way slab. Based on the Length-to-Breadth (L/B) ratio of a slab in a framed building, it could either be one or two-way. The behavior of two-way slabs are similar to mat (raft) foundations. A series of two dimensional equivalent frames represent the slab system for each spanning direction. An equivalent frame along a column line is a slice of the building bound by the center-lines of the bays adjacent to the column line. A column strip and two middle strips are derived from the division of the width of the equivalent frame. Each Middle Strip (MS) is composed of the remains of two adjacent equivalent frames (Fig. 4) . Computation of the thickness of the slab is done using the minimum thickness, Eq. (5):
where, P = Perimeter of the panel
The thickness of the slab was chosen to be 170 mm based on the above equation. Also, the minimum reinforcement required for the slab is determined via 
Design of columns:
Since the structure is located in non-seismic region, the seismic design detailing of columns are not required. The required reinforcement based on gravity gravitational loads are presented in Fig. 7 .
Design requirements for occupancy categories II (by UFC 4-023-03):
Tie force requirement: The following formulas calculate the longitudinal, transverse, vertical and peripheral ties according to above sections and (Table 3) 
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Two-way The slab section and reinforcement plan for the purpose of meeting the requirements of progressive collapse are demonstrated in Fig. 8 and Table 4 , respectively. The tie force calculations and the required reinforcement are tabulated in Table 5 .
Enhanced local resistance:
The assumption for ELR evaluation would be having fixed columns at the first level and pinned ones at the base. All the corner and penultimate columns in this model possess shear and flexural strength which is a function of axial load.
Equation (4) clearly defines the required shear resistance. The Enhanced Local Calculation is presented in Table 6 According to shear calculations; the shear associated with this moment capacity obliges the replacement of stirrups from #8@30 cm to #8@25 cm for Penultimate columns.
RESULTS AND DISCUSSION
Based on the calculations done conforming to the specifications of ACI 318-08 ACI Committee 318 (2008) and International Building Code "IBC" (International Code Council, 2009 ), the designed structure lacks minimum required strength against progressive collapse and hence, retrofitting is inevitable. There are no specific design requirements for the design of roof in seismic areas in ACI 318-08 (ACI Committee 318, 2008) .
In other words, a single procedure is incorporated for the design of roofs in all regions. Obviously, the structural elements designed in conformance with Specific design criteria for earthquake design have a more satisfactory performance against progressive collapse. Therefore, it is evident that for structures designed with Specific design criteria for earthquake (SMRF), the roofs need to be reanalyzed according to Unified Facilities Criteria 4-23-03 (Unified Facilities Criteria, 2010) . The results of this study indicated that roofs are the most vulnerable structural elements to earthquake in non-seismic regions and hence, require retrofitting immediately. After provision of Tie Forces and additional stirrups as specified in Enhanced Local Resistance for OC II and design requirements option 1 according to UFC 4-23-03 (Unified Facilities Criteria, 2010), 15% additional reinforcement is required to meet the progressive collapse provisions compared to ACI 318-08 (ACI Committe 318,318) and International Building Code "IBC" (International Code Council, 2009 ).
